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1.Introduction and aims
Everyyearabout 320tons of silvernanoparticles(AgNPs)areproduced.

Use/ApplicationAgNPsare incorporatedin a wide rangeof products,suchas
cosmetics,detergentsandtextiles,becauseof their antimicrobialproperties.

Risksassociatedto AgNPs
If they are not efficiently removedin the wastewater treatment process,they
couldendup in the naturalenvironment.

Main objectivesof the presentresearchproject

Studyof the effectsof AgNPson naturalbacteriafrom estuaries.

Evaluationof the impactof AgNPson microbialecosystemfunctioning

5.Futurework

Study of the impact of AgNPs on the bacterial ecosystem

function
- A seriesof microcosmswill be establishedwith sedimentscollectedfrom
different sections of the Firth of Forth estuary. (See fig 11.) The
characteristicsof the sedimentsvary dependingon the site (table 1) thus
the speciesdiversityandtheir responseto AgNPsmaydiffer.

Site

Porosity (%)

( 5 cm 

depth)

Total 

Organic 

Carbon(TO

C) 

(%)

Type of

sediment
Salinity a pH

Seafield 40 1.73

well 

shorted 

sand

33 7.43

Airth 79.3 11.3 silt 26.15 7.47

Cramond

West: 58.3 4.8 silt 28.2 7.4

East: 45.20 0.87

well 

shorted

sand

31 7.64Fig. 11 Firth of Forth estuary. Thered
circles represent the sites where
samplingsurveystook place.

Table 1. Physicochemical properties 
analysed

- BOD(BiologicalOxygenDemand) and NH4
+ oxidation rate will be the first

parametersto bemonitored.

2.Exposure of bacteria to AgNPs and challenges 
when working with metallic nanoparticles

Thefirst approachtakenwasto studythe effectsof AgNPson singlespecies
that had been isolated from the Firth of Forth estuary. Bacteria were
exposedto different concentrationsof AgNPs.

Behaviour of metallic nanoparticles in liquid suspension

How to optimize the homogeneity of the AgNPs stock
suspensions?
VBy adding dispersantssuch as Bovine Serum Albumin (BSA) to avoid
aggregation
VBy reducing the concentration of AgNPsin the solution to minimize
sedimentationrate.

Homogeneity in the stock suspensioncan be difficult to achieve as the
nanoparticles(NP)tend to aggregate(Fig.1) andsettlequickly.
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Order of extraction
100mg L-1, No BSA 50 mg L-1, No BSA 50 mg L-1, 0.1% BSA

(100mg/L, no BSA) (50mg/L, No BSA) (50mg/L, 0.1% BSA)

Fig. 2 Total Ag recovered by Atomic AbsorbanceSpectroscopy(AAS)
expressedasmeanof %recoveredover the nominalconcentration( S.D.)
n=9. The three different stock solutions were prepared with AgNPs
purchasedfrom Sigma,as nanopowder form, size < 100nm. All the
sampleswere ultrasonicatedfor 30 min and mixedvigorouslyin a vortex
beforethe extraction.

Effectsof BSAand concentrationof AgNPsare depicted in the graph (Fig.2).
Theconcentrationof AgNPswasindependentof the order of extractionasthe
sedimentationrate decreased. Therecoveryof silverincreased.

Once reproducible amounts of AgNPs were reliably added to each
experimental flask (Fig.3 and Fig.4), it was possibleto continue with the
experiment. Howeveranotherissuewasraised:

How to enhance the dispersionof AgNPsin liquid media?

Fig. 3 AgNPs ended 
up in the bottom of 
the flask  due to the 
orbital motion  of the 
incubator.

Fig. 4 AgNPs 
dispersed 
thoroughly  in the 
liquid medium in 
bottles that were 
placed horizontally 
in the orbital 
incubator. 

Fig. 5 View from above of the 
orbital incubator. 

Wave 
motion

Circular  
motion

3.Isolation of bacteria from the estuary
Heterotrophicbacteria from water and sedimentssampleswere isolated in
Tryptoneagarmedia. Thesespeciesplaya crucialrole in the nutrient cycling
of estuariesas they break down the organicmatter releasingnitrogen in a
form bioavailablefor plantsandother microorganisms.

Selectedisolates were identified
based on partial 16S rDNA
sequences. BLASTN analysis
showed that following
genus/speciespresentin the Firth
of Forth (%refers to the similarity
with species registered in the
genomedatabases)
Pseudoalteromonas aliena 99-
97%, Pseudoalteromonasarctica
97-99%, Psychrobactermaritimus
99-97%, Arthrobacter agilis 98-
96%, Cellulophagafucicola 98%,
Arthrobacter psychrolactophilus
97%, Streptomyces koyangensis
98%, Bacillusweihenstephanensis
98%, Vibrio sp, Pseudomonas
fluorescens.

4.Effects of AgNPs on bacterial growth 
Fourspecieswere exposedto AgNPsand their growth monitored. P.arctica
wasthe leastsusceptibleto AgNPs,no effectsobservedat 5 mgL-1, whereas
Arthrobacteragilis was the most sensitivespecies,showingno growth at
AgNPs< 2.5 mgL-1.

Fig. 1  TEM  
(Transmission  Electron 
Microscopy) image of 
AgNPs used.

Fig. 7 A. agilis growth in low nutrient media
expressedasmeanO.D.600nm ( S.D.).
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Fig. 9 S. koyangensisgrowth expressedin terms in
biomass/dryweight,( S.D.) n=9. Theanalysisof the
variance (ANOVA) showed that there were
statistically significantly differences between
growth at 5 mgL-1 and2.5 mgL-1. (P= 0.016; =0.05).

Fig. 10. S.Koyangensis cell culture. Negative 
control , 0 mg L-1 AgNPs (left) and 5mg L-1 

AgNPs(right). At 5mg L-1  growth was 
affected. Bacteria formed clumps and 
remained in this life form until the end of the 
experiment, 46h of duration.

VToxicityeffectsof AgNPsarespecies-specific.
VBacterialgrowth wasinhibited, however,the viability of cellswas
not completelysuppressedat the AgNPsconcentrationstested.

A.agilis

C. fucicola

B. weihenstephanensis 

Fig. 6 Bacteriaisolated from sandysedimentsand water
samplesin the area of Seafield(Firth of Forth estuary,
Fig.11)

Fig. 8. A. agilis (left) and B.Weihenstephanensis 
(right) colony forming units (CFU) after exposure 
to AgNPs.

Study of AgNPôsantibacterial mechanisms
Within bioassaysandadvancedmicroscopytechniques

Conclusion
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Fig. 12. Sandy sediments
from Seafield. High content
of coalpresent(right) due to
anthropogenicactivities.

a. Very variabledependingon the rain
andrunoff water.

VByinducinga wavemotion in the liquid medium(Fig.5)
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